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(54) A stratified charge two-stroke 
Internal-combustion engine 

(57) Air-fuel mixture formed in a 
supply passage comprising an intake 
passage 14. a crankcase \ and at 
least one transfer passage 1 9, 20 is 
separated into rich and lean 
components, the former being 
directed through transfer ports 1 6 
towards a combustion chamber wall 
opposite an exhaust port 1 5. In Fig. 
1 1 , fuel is collected from the mixture 
downstream of a carburettor 1 4 and 
fed via passage 36 for admixture with 



lean mixture compressed in the 
crankcase 1 and subsequent supply 
via transfer passage 20 to the 
combustion chamber to which lean 
mixture is supplied via transfer 
passage 20. The separation into rich 
and lean components may 
alternatively be done in the crankcase 
by centrifugal force acting on fuel 
droplets (Figs. 20, 23) or by the form 
of the transfer passage 62. 19 (Figs. 
39, 40) in which a sharp bend 63 is 
provided. The fuel may be injected 
into the transfer passage 62, 19 by an 
injector 64 (Fig. 45). 
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SPECIFICATION 

A two-stroke internal-combustion engine ... 

Background of the invention 
Field of the invention 
5 The present invention relates to a two-stroke 
internal-combustion engine. 

Description of the prior art 

In a two-stroke internal-combustion engine in 
which the burnt gas In the engine cylinders is 

10 scavenged by an air-fuel mixture fed into the 
engine cylinders from the scavenged port, air and 
fuel are fully mixed so as to form a uniform air- 
fuel mixture before they are fed into the engine 
cylinders. Then the uniformly premixed air-fuel 

1 5 mixture is fed Into the engine cylinders, and the 
burnt gas in the engine cylinders is scavenged by 
the uniformly premixed air-fuel mixture. However, 
in such a two-stroke internal-combustion engine, 
when the air-fuel mixture flows into the engine 

20 cylinders, part of It escapes into the exhaust 
passage from the exhaust port Thus, a large 
amount of fuel Is discharged into the exhaust 
passage without being burnt, with the result that 
fuel consumption is increased and the amount of 

25 harmful hydrocarbon (HC) components in the 
exhaust gas is increased. 

Summary of the invention 

The present invention provides a two-stroke 
internal-combustion engine capable of 
30 considerably reducing fuel consumption and the 
amount of harmful HC components in the exhaust 
gas by preventing the fuel from escaping into the 
exhaust passage. 

According to the present invention, there is 
35 provided a two-stroke internal-combustion engine 
comprising: a cylinder block having a cylinder 
therein; a piston reciprocally movable in the 
cylinder, the cylinder having an inner wall which 
has a scavenge port and an exhaust port formed 
40 thereon and which is alternately covered and 
uncovered by the piston; a crankcase having 
therein an interior chamber, the pressure in the 
Interior chamber being alternately increased and 
decreased due to the reciprocal motion of the 
45 piston; an intake passage having an air inlet and 
being connected to the interior chamber of the 
crankcase; a transfer passage interconnecting the 
interior chamber of the crankcase and the 
scavenge port, outside air being fed into the 
50 cylinder via an air passage defined by the intake 
passage, the interior chamber of the crankcase, 
and the transfer passage; fuel supply means 
arranged in the air passage for feeding fuel into 
the air passage so as to form an air-fuel mixture 
65 therein; and fuel-separating means arranged in 
the air passage for separating fuel from the air- 
fuel mixture so as to form a richer air-ful mixture 
and a leaner air-fuel mixture, the scavenge port 
having such a construction that the richer air-fuel 
60 mixture flows into the cylinder towards the inner 
wall of the cylinder, the inner wall being located 
opposite the scavenge port 



The present Invention may be more fully 
understood from the description of the preferred 
65 embodiments set forth below the reference to the 
accompanying drawings. 

Brief description of the drawings 

Figure 1 is a schematic cross-sectional side 
view of a two-stroke engine in which a 
70 conventional scavenge operation is illustrated. 

Figure 2 is a cross-sectional view of the engine 
of Fig. 1 taken along the line II— II in Fig. 1 . 

Figure 3 is a schematic cross-sectional side 
view of a two-stroke engine in which the basic 
75 idea of the scavenge operation according to the 
present invention is illustrated. 

Figure 4 is a cross-sectional view of the engine 
of Figure 3 taken along the line IV— IV in Figure 3. 

Figure 5 is s schematic cross-sectional side 
80 view of a two-stroke engine in which the first 
method of the scavenge operation according to 
the present Invention Is Illustrated. 

Figure 6 is a schematic cross-sectional side 
view of another type of two-stroke engine in 
85 which the first method of the scavenge operation 
according to the present invention is Illustrated. 

Figure 7 is a schematic cross-sectional side 
view of a two-stroke engine in whfch the second 
method of the scavenge operation according to 
90 the present invention Is illustrated. 

Figure 8 is a schematic cross-sectional side 
view if another type of two stroke engine In which 
the second method of the scavenge operation 
according to the present invention is illustrated. 
95 Figure 9 is a schematic cross-sectional side 
view of a two-stroke engine in which the third 
method of the scavenge operation according to 
the present invention is illustrated. 

Figure 10 is a schematic cross-sectional side 
1 00 view of another type of two-stroke engine in 

which the third method of the scavenge operation 
according to the present invention is Illustrated. 

Figure 1 1 is a cross-sectional side view of an 
embodiment of a two-stroke engine according to 
105 the present Invention. 

Figure 12 is a cross-sectional side view of the 
engine of Fig. 1 1 taken along the line XII — XII In 
Figure 11. 

Figure 13 is an enlarged cross-sactlonal side 
110 view of the carburetor illustrated in Figure 1 1 . 
Figure 1 4 is a cross-sectional side view of 
another embodiment of a two-stroke engine 
according to the present invention. 

Figure 1 5 Is a cross-sectional side view of a 
1 1 5 further embodiment of a two-stroke engine 
according to the present invention. 

Figure 1 6 is a cro3S-sectional side view of the 
separator of Figure 1 5 taken along the line XVI— 
XVI in Figure 15. . 
1 20 Figure 1 7 is a cross-sectional side view of tne 
engine of Figure 1 5 taken along the line XVII— 
XVii in Figure 15. . 

Figure 1 8 is a cross-sectional side view of still 
a further embodiment of a two-stroke engine 
125 according to the present invention. 
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Figure 1 9 is a cross-sectional side view of the 
engine illustrated in Figure 18. 

Figure 20 is a cross-sectional side view of yet 
another embodiment of two-stroke engine 
5 according to the present invention. 

Figure 2 1 is a cross-sectional side view of the 
engine illustrated in Figure 20. 

Figure 22 is a cross-sectional side view of the 
engine of Figure 21 taken along the line XXII— 
10 XXII in Figure 21. 

Figure 23 is a cross-sectional side view of still 
a further embodiment of a two-stroke engine 
according to the present invention. 

Figure 24 is a cross-sectional side view of the 
1 5 engine illustrated in Figure 23. 

Figure 25 is a cross-sectional side view of the 
engine of Fig. 23 taken along the line XXV— XXV 
in Figure 23. 

Figure 26 is a cross-sectional side view of yet a 
20 further embodiment of a two-stroke engine 
according to the present invention. 

Figure 27 is a cross-sectional side view of the 
engine illustrated in Figure 26. 

Figure 28 Is a cross-sectional side view of the 
26 engine of Figure 27 taken along the line XXIII — 
XXIII in Figure 27. 

Figure 29 is a cross-sectional side view of yet 
another embodiment of a two-stroke engine 
according to the present Invention. 
30 Figure 30 is a cross-sectional side view of the 
engine of Figure 29 taken along the line XXX— 
XXX in Figure 29. 

Figure 31 is an enlarged view of the inner wall 
of the cylinder of Figure 29 in which only the 
35 scavenge port and the transfer passage are 
illustrated. 

Figure 32 is a cross-sectional side view of the 
transfer passage of Figure 31 taken along the line 

XXXII— XXXII in Figure 31. 

40 Figure 33 is a cross-sectional side view of the 
transfer passage of Figure 31 taken along the line 

XXXIII— XXXIII in Figure 31 . 

Figure 34 Is a cross-sectional side view of still 
another embodiment of a two-stroke engine 
46 according to the present invention. 

Figure 35 is a cross-sectional side view of the 
engine of Figure 34 taken along the line XXXV— 
XXXV in Figure 34. 

Figure 36 Is an enlarged view of the Inner wall 
50 of the cylinder of Figure 34 in which only the 
scavenge port and the transfer passage are 
illustrated. 

Figure 37 is a cross-sectional side view of the 
transfer passage in Figure 36 taken along the line 
55 XXXVII— XXXVII in Figure 36. 

Figure 38 is a cross-sectional side view of the 
transfer passage of Figure 36 taken along the line 
XXXVIII— XXXVIII in Figure 36. 

Figure 39 is a cross-sectional side view of a 
60 further embodment of a two-stroke engine 
according to the present invention. 

Figure 40 is a cross-sectional side view of the 
engine of Figure 39 with the piston removed. 

Figure 41 is a cross-sectional side view of the 



65 engine of Figure 40 taken along the line IVXl— 
• IVXl in Figure 40. § 

Figure 42 is a cross-sectional side view of still 
a further embodiment of a two-stroke engine 
according to the present invention. 
70 Figure 43 is a cross-sectional side view of the 
engine of Figure 42 with the piston removed. 

Figure 44 is a cross-sectional side view of the 
engine of Figure 43 taken along the line IVXIV — 
IVXIV in Figure 43. . 
7 5 Figure 45 is a cross-sectional side view of 
another embodiment of a two-stroke engine 
according to the present invention. 

Figure 46 is a cross-sectional side view of the 
engine of Figure 45 with the piston removed. 
80 Figure 47 is a cross-sectional side view of the 
engine of Figure 46 taken along the line IVXVII— 
IVXVll in Figure 46. 

Figure 48 is a cross-sectional side view of yet 
another embodiment of a two-stroke engine 
85 according to the present invention. 

Figure 49 is a cross-sectional side view of the 
engine of Figure 48 with the piston removed. 

Figure 50 is a cross-sectional side view of the 
engine of Figure 49 taken along the line VX— VX 
go in Figure 49. 

Figure 61 is a cross-sectional side view of a 
further embodiment of a two-stroke engine 
according to the present invention. 

Figure 52 is a cross-sectional side view of the 
95 engine of Figure 51 with the piston removed. 

Figure 53 is a cross-sectional side view of the 
engine of Figure 52 taken along the line VXIII — 
VXIU in Figure 52. 

Figure 54 is a cross-sectional side view of still 
1 00 a further embodiment of a two-stroke engine 
according to the present invention. 

Figure 55 is a cross-sectional side view of the 
fuel return-preventing device of Figure 54, taken 
along the line VXV— VXV In Figure 54. 
1 05 Figure 56 is a cross-sectional side view of 
another embodiment of a two-stroke engine 
according to the present invention. 

Figure 57 is a cross-sectional side view of yet 
another embodment of a two-stroke engine 
1 1 0 according to the present invention. 

Figure 58 is a cross-sectional side view of the 
engine of Figure 57 taken along the line VXVIII— 
VXVIII in Figure 57. 

Figure 59 is an enlarged view of the inner wall 
1 1 5 of the cylinder of Figure 57 in which only the 
scavenge port and the transfer passage are 
illustrated. 

Figure 60 is a cross-sectional side view of the 
engine of Figure 59 taken along the line VIX— VIX 
120 in Figure 59. 

Figure 61 is an enlarged view of the scavenge 
port illustrated in Figure 59. 

Figure 62 is a cross-sectional side view of the 
scavenge port of Figure 6 1 in which various cross 
125 sections taken along the lines A — A, B— 8, and 
C — C in Figure 61 are illustrated. 

Figure 63 Is a cross-sectional side view of a 
further embodiment of a two-stroke engine 
according to the present invention. 
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Figure 64 is a cross-sectional side view of the 
engine of Figure 63 taken along the line VlXlVrr- 
VIXIV in Figure 63. 

Description of the prefeiTed embodiments 

5 Before various embodiments according to the 
present invention are described, the basic concept 
of the present invention Is described with 
reference to Figs. 1 through 1 0. 

Figures 1 and 2 schematically illustrate the 
10 scavenge operation in a typical conventional two- 
stroke engine, and Fig. 3 schematically illustrates 
the essential scavenge operation according to the 
present invention. In the conventional two-stroke 
engine illustrated in Figures 1 and 2, when the 
1 5 piston a approaches the top dead center, the air- 
fuel mixture Is fed Into the crankcase b from the 
intake passage c. Then, when the downward 
movement of the piston a begins, the air-fuel 
mixture in the crankcase b is compressed. When 
20 the piston a further moves downward and 
uncovers the scavenge port d, the uniformly 
mixed air-fuel mixture under pressure in the 
crankcase b is fed into the cylinder e from the 
scavenge ports d via the transfer passages f. At 
2 5 this time, the burnt gas in the cylinder e is 
scavenged by the air-fuel mixture and is thus 
discharged into the outside air from the exhaust 
port g. Then, when the piston a moves upward 
and approaches the top dead center, the air-fuel 
30 mixture is ignited by the spark plug h. 

In such a conventional two-stroke engine, 
when the piston a uncovers the scavenge ports d, 
the uniformly mixed air-fuel mixture flows into the 
cylinder e from the scavenge ports d as 
35 mentioned above. At this time, the air-fuel 
mixture flowing out of a portion of each of the 
scavenge ports d located remote from the exhaust 
port g moves forward towards the inner wall of 
the cylinder 3, which inner ail is located opposite 
40 the exhaust port g, as is illustrated by the arrow P 
in Figure 1 . However, at this time, the air-fuel 
mixture flowing out of a portion of each of the 
scavenge ports d located near the exhaust port g 
moves forward towards the exhaust port g as is 
45 illustrated by the arrow q in Figure 1 and then 
escapes into the outside air via the exhaust port g. 
In a conventional two-stroke engine, since part of 
the air-fuel mixture fed into the cylinder e escapes 
into the outside air as mentioned above, a large 
50 amount of fuel is discharged into the outside air 
without being burnt, and, thus, fuel consumption 
and the amount of harmful HC omponents in the 
exhaust gas are increased. 

In a conventional two-stroke engine, if the 
55 scavenge ports d are so formed that the entire air- 
fuel mixture does not move forward towards the 
exhaust port g when the piston a uncovers the 
exhaust port g, it is possible to prevent fuel from 
escaping into the outside air. However, it is 
60 impossible to form the scavenge ports d so that 
the entire air-fuel mixture does not move foward 
towards the exhaust port g. 

Therefore, the present inventors considered 
that if fuel or a rich air-fuel mixture is caused to 



65 flow into the cylinder e towards the Inner wall of 
the cylinder e located opposite the exhaust port g 
and if air or an extremely lean air-fuel mixture is 
caused to flow into the cylinder e so as to prevent 
the fuel or the rich air-fuel mixture from moving 
70 forward toward the exhaust port g, only the air or 
the extremely lean air-fuel mixture escapes from 
the cylinder e via the exhaust port g. Thus, it is 
possible to completely prevent fuel from escaping 
into the outside air or to reduce the amount of 
75 fuel which escapes into the outside sir. That Is, in 
Figures 3 and 4, if the fuel or the rich air-fuel 
mixture is caused to flow into the cylinder e as is 
illustrated by the arrow r and air to the extremely 
lean air-fuel mixture is caused to flow Into the 
80 cylinder e so that the air or the extremely lean air- 
fiel mixture overlays the layer of the rich air-fuel 
mixture as is illustrated by the arrow S, since the 
rich air-fuel mixture is prevented from moving 
forward towards the exhaust port g by the air or 
85 the extremely lean air-fuel mixture, part of the air 
or the extremely lean air-fuel mixture escapes into 
the outside air via the exhaust port g as is 
Illustrated by the arrow t 
The method of the scavenge operation 
90 illustrated in Figures 3 and 4 is quite novel. That 
is a method of stratifying the air-fuel mixture in 
the cylinder e with fuel injected by a fuel injector 
arranged in the cylinder is known. However, in the 
•present invention, the air-fuel mixture in the 
95 cylinder e is stratified with an air-fuel mixture fed 
from the scavenge ports d only, and, therefore, 
the present invention is quite different from the 
method of stratifying the air-fuel mixture in the 
cylinder 3 by using a fuel injector arranged In the 
1 00 cylinder e. In addition, in the present Invention, 
ambient air is introduced into the crankcase b via 
a single air inlet. Then fuel is fed into the air and is 
then fed into the cylinder e together with the air. 
As was mentioned above, in the present 
1 05 invention, since ambient air is introduced into the 
crankcase b via only the single air inlet, it is 
possible to easily control operation of the engine 
by merely controlling the amount of air introduced 
from the single air inlet. Consequently, it Is 
1 1 o possible to simplify the construction of an engine. 
An essential idea of the present invention »s to 
separately feed a rich air-fuel mixture and a lean 
air-fuel mixture into the cylinder e from the 
scavenge ports d. In order to separately feed a 
1 1 5 rich air-fuel mixture and a lean air-fuel mixture as 
mentioned above, various methods, illustrated in 
Figures 5 through 1 0, are considered. 

In the first method, illustrated in Figure 5, fuel 
is fed into the intake passage c upstream or 
1 20 downstream of the throttle valve i as illustrated by 
the arrows U and V, and the air-fuel mixture Is 
divided into a richer air-fuel mixture and a leaner 
air-fuel mixture in the intake passage c. Then the 
richer air-fuel mixture is fed pnto the cylinder e 
1 25 from the scavenge ports d due to thexompresslng 
action of the piston as as is illustrated by the 
arrow r, and the leaner air-fuel mixture is also fed 
into the cylinder c from the scavenge ports d due 
to the compressing action of the piston a as is 
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illustrated by the arrows s and t. In the two-stroke 
engine Illustrated in Figure 6, a pair of scavenge . 
ports d1 and a pair of scavenge ports d2 are 
provided, and the richer air-fuel mixture and the 
5 leaner air-fuel mixture are fed into the cylinder e 
from the scavenge ports dl and d2, respectively. 
As was mentioned above, in the first method 
illustrated in Figures 5 and 6, and air-fuel mixture 
is created in the intake passage c and is then 
1 o divided into a air-fuel mixture and a leaner air-fuel 
mixture in the intake passage c. 

In the second method, Illustrated in Figure 7, 
fuel is separated from the eir-fuel mixture in the 
crankcase b due to a centrifugal force which acts 
1 5 thereon, the centrifugal force being generated by 
the rotation of the balance weights (not shown) of 
the crankshaft j. That is, when the balance 
weights of the crankshaft j rotate, the centrifugal 
force acts on the air-fuel mixture in the crankcase 
20 b, and, as a result, fuel k collects on the 

circumferential wall of the crankcase b. Then the 
fuel k Is fed Into the cylinder e, in the form of a 
richer air-fuel mixture, from the scavenge ports d 
due to the compressing action of the piston a as is 
25 illustrated by the arrow r, and a leaner air-fuel 
mixture created in the crankcase b is fed into the 
cylinder e from the scavenge ports d due the 
compressing action of the piston a as is illustrated 
by the arrows s and t. In Figure 8, a richer air-fuel 
30 mixture and a leaner air-fuel mixture are fed into 
the cylinder e via the separate scavenge ports d2 
and d1 , respectively. In the two-stroke engines 
illustrated in Figures 7 and 8, fuel may be fed into 
the intake passage c as is illustrated by the 
35 arrows U and V or into the crankcase b as is 
illustrated by the arrow W. As was mentioned 
above, in the second method illustrated in Figures 
7 and 8, fuel is separated from the air-fuel mixture 
in the crankcase b so as to form a richer air-fuel 
40 mixture and a leaner air-fuel mixture. 

In the third method, illustrated in Figure 9, a 
richer air-fuei mixture and a leaner air-fuel mixture 
are created in the transfer passages f or at the 
scavenge ports d and then are separately fed Into 
45 the cylinder e. In Figure 1 0, a pair of transfer 
passages f1 and a pair of transfer passages f 2 are 
provided, and a richer air-fuel mixture is fed into 
the cylinder e from the scavenge ports d2 via the 
transfer passages f2 due to the compressing 
50 action of the piston a as is illustrated by the arrow 
r. In addition, a leaner air-fuel mixture or air is fed 
into the cylinder e from the scavenge ports dl via 
the transfer passages f 1 due to the compressing 
action of the piston a as is illustrated by the 
55 arrows s and t. In the two-stroke engines 

illustrated in Figures 9 and 1 0, fuel may be fed 
into the Intake passage c as is illustrated by the 
arrows U and V and into the crankcase b as is 
illustrated by the arrow W. In the case where fuel 
60 is fed into the intake passage c or the crankcase b, 
the air-fuel mixture is fed into the transfer 
passages f, f 1 , and f2, and the fuel is separated 
from the air-fuel mixture In the transfer passages 
f, f 1 , and f2 or at the scavenge ports d. On the 



65 other hand, fuel may be fed into the transfer 

passages f, f 1 , and f2 as is illustrated by the arrow 

* X. Such a case, a richer air-fuel mixture and a 
leaner air-fuel mixture are created in the transfer 
passages f, f1 . and f2. 

70 As was mentioned previously, an essential idea 
of the present invention is to separately feed a 
rich air-fuel mixture and a leaner air-fuel mixture 
into the cylinder e from the scavenge ports d. The 
various methods Illustrated In Rgures 5 through 

75 1 0 are considered in order to separately feed a 
richer air-fuel mixture and a leaner air-fuel mixture 
into the cylinder e from the scavenge ports d. 
Figures 5 through 10 illustrate the basic concept 
for creating a richer air-fuel mixture and a leaner 

80 air-fuel mixture by using air fed from a single air 
inlet, which basic concept is hereinafter described 
in detail. 

Figure 1 1 illustrates a two-stroke engine in 
which the first method illustrated in Figures 5 and 
85 6 is put to practical use. In Figure 1 1 , reference 
numeral 1 designates a crankcase, 2 a cylinder 
block, 3 a cylinder head, 4 a cylinder formed in 
the cylinder block 2, 5 a piston reciprocally 
movable in the cylinder 4, 6 a crankshaft, 7 
gp balance weights, 8 a connecting rod 
interconnecting the piston 5 and the 
balance weights 7,9 a spark plug arranged In the 
cylinder 4, 1 0 an intake passage, and 1 1 an 
exhaust passage. When the piston 5 moves up 
95 and down in the cylinder 4, the balance weights 7 
rotate in a predetermined direction accordingly. 
The intake passage 1 0 has at one end thereof an 
intake port 1 2 which is open to the cylinder 4, 
and the Intake port 1 2 is alternately covered and 
1 00 uncovered by the piston 5. The other end of the 
intake passage 1 0 is connected to an air filter 1 3 
via carburetor 1 4. The exhaust passage 1 1 has at 
one end thereof an exhaust port 1 5 which is open 
to the cylinder 4, and the exhaust port 1 5 is 
1 05 alternately covered and uncovered by the piston 
5. The other end of the exhaust passage 1 1 Is 
open to the outside air. As is illustrated In Figure 
1 2, a pair of first scavenge ports 1 6 and a pair of 
second scavenge ports 1 7 are formed on the 
110 inner wall of the cylinder 4, and each of the first 
scavenge ports 1 6 is arranged adjacent to the 
corresponding second scavenge port 1 7. The first 
scavenge ports 1 6 and the second scavenge ports 
1 7 are symmetrically arranged with respect to the 
1 1 5 axis passing through the exhaust passage 1 1 , and 
the openings of the first scavenge ports 1 6 and 
the second scavenge ports 1 7 are directed toward 
the inner wall of the cylinder 4, the inner wall 
being located opposite the exhaust port 1 5. The 
1 20 first scavenge ports 1 6 are connected to the 
upper interior of the crankcase 1 via 
corresponding first transfer passages 1 9 which 
have a relatively large cross-sectional area and a 
relatively short length. 
1 25 Referring to Figures 1 1 and 1 3, the side-draft 
type carburetor 14 comprises an intake pessage 
25 formed therein, a throttle valve 26, a choke 
valve 27, a float chamber 28, a main nozzle 29, a 
slow fuel port 30, and an idle port 3 1 . When the 



engine is operated, fuel in the float chamber 28 is 
fTd nto the intake passage 25 from ^ 
nozzle 29, the slow fuel port 30. end the rile port 
3VTtie main nozzle 29 is arranged In a small, 
c hollow tubularventuri32.and.thus.fuelflow,ng 
5 ou rf*e main nozzle 29 is discharged through 
?he outlet opening 33 of the small ventur, 32. A 
main fuel trapper 34. projecting upwardly from 
the bottom face of the intake passage 25. is 
to arranged downstream of the outlet opening 33 of 
10 Z Sail ventur. 32 so that It Is able to trap he 
fuel discharged through the mam nozzle 29 .In 
addition, an auxiliary fuel «W"%™°£ me 
upwardly from the bottom face of the '"take 
i s nassaqe 25. is arranged downstream of the slow 
15 EeTportSO and the Idle port31 so that it is able 
to trap the fuel flowing out of the slow fuel port 
30 and the Idle port 31. A horizontally-extending 
le?passage 36is formed beneath the main fuel 
20 trapper 34 and the auxiliary fuel trapper 35 and 
the fuel trapped by the fuel trappers 34 and 35 is 
Slec?id in tlte fuel pessage 36. Aals HUjstrated 
in Figure 1 1 . the fuel passage 36 extends 
Iwnward and is connected tt> a fuel-co ectmg 
9* chamber 37 via a reed valve 38. The fuel 
28 foSing chamber 37 is connected, on the one 
hend, to the second scavenge ports 1 7 vie 
conesponding second transfer passages 20 and, 
on »e other hand, to the bottom interior of the 
30 crankcase 1 via a 'econd transfer pessage 2 

IFioure 1 1 ). Aa will be understood from Figure 1 1 . 
he second transfer passages 20 and 21 have a 

whiSg^ 

operated, fuel iafed into the Intake passage 25 of 
45 th'e carburetor 1**^*.^* 3" "S «Ws 

the fuel flows out of the main nozzle 29, the slow 



uncovers the intake port 12, the extremely lean 

time, since the balance weights 7 rotate at a n.gn 
speed, a centrifugal force acts on the air-fuel 
mature and. thus, the fine particles of fuel 
70 contain the eir-fuel mixture adhere to the 
fnner circumferential wall of the crankcase 1 and 
form a liquid film. The liquid film moves along the 
nnTr circumferential wall of the crankcase i n 
75 he direction of rotation of the . balance weights 7. 
and when the liquid film reeches e bore 39 
forrned on the bottom face of *e interior o the 
crXase 1 . the liquid fuel flows into the second 
transfer oassaqe 21 via the bore Ja. 

exhaust passage 1 1 via the exhaust port II b. Next, 
'he piston 6 uncovers the first scavenge ports J 6. 
At this time, the extremely lean air-fuel mixture 
under pressure in the crankcase 1 flows nto the 

9 Istrated by the arrow tin Figures ,11 land 12 and 
escapes into the exhaust passage 1 1 from the 
2er 4. Then the piston 5 uncovers ith , second 
scavenge ports 1 7. At this time, the extremely 
,00 fean air-fuel mixture under pressure In *e 
crankcase 1 is forced into the second transfer 
S , and 20. The extremely lean air-fuel 

ESsassassas 

of the cylinder 4. At this time, since the flow 
, ,o resistance of the second transfer passages 20 and 

nassaoes 1 9. the rich air-fuel mixture gently flows 

120 !^tS^5 1 ■« Tortrn^rf 
"el consumption and the amount o ^harmful I HC 

„ tssszssssssx.* 



Figure 1 1 . In Figure 1 4, a reed valve 40 is 
arranged in the intake passage 1 0 downstream of 
the throttle valve 26. In addition, a horizontally- 
extending separating wall 41 Is formed in the 
5 intake passage 1 0 downstream of the reed valve 
40, and the intake passage 10 is divided into an 
upper passage 42 and a lower passage 43 by the 
separating wall 4 1 . The upper passage 42 is 
continuously connected to the upper interior of 
i o the crankcase 1 , and the lower passage 43 is 
connected to the second scavenge ports 1 7 via 
the second transfer passages 20. 

In this embodiment, when the upward 
movement of the piston 5 begins and the 
15 pressure in the crankcase 1 is reduced to below 
atmospheric pressure, the reed valve 40 opens 
and ambient air is fed, together with fuel fed from 
the carburetor 14, into the crankcase 1 via the 
upper passage 42. However, as was mentioned 
20 .previously, a large amount of fuel fed from the 
carburetor 1 4 flows within the intake passage 1 0 
in the form of fine particles and flows along the 
bottom wall of the Intake passage 1 0 in the form 
of a liquid fuel. In addition, the fine particles of 
25 fuel impinge upon the reed valve 40 and then 
flow downward along the reed valve 40. Then the 
fine particles of fuel drop into the liquid fuel 
flowing along the bottom wall of the intake 
passage 1 0. When ambient air Is fed Into the 
30 -crankcase 1 via the upper passage 42 as 

mentioned above, the liquid fuel flowing along the 
bottom wall of the intake passage 1 0 does not 
flow into the upper passage 42. Therefore, at this 
time, the amount of fuel flowing into the upper 
3& passage 42 is very small, and, thus, an extremely 
lean air-fuel mixture is fed Into the crankcase 1 . 
When the downward movement of the piston 5 
begins, the reed valve 40 closes, and the lean air- 
fuel mixture in the crankcase 1 is compressed by 
40 the piston 5. When the piston 5 uncovers the first 
scavenge ports 1 6, the lean air-fuel mixture in the 
crankcase 1 is fed into the first scavenge ports 1 6 
via the first transfer passages 1 9 and flows into 
the cylinder 4 from the first scavenge ports 1 6 as 
45 illustrated by the arrow S in Figure 14. Then the 
piston 5 uncovers the second scavenge ports 17. 
At this time, the lean air-fuel mixture under 
pressure in the crankcase 1 is forced into the 
upper passage 42. Then the lean air-fuel mixture 
50. is turned around at the tip of the separating wall 
4-1 and flows into the lower passage 43. At this 
time since a large amount of liquid fuel is present 
in the lower passage 43, a rich air-fuel mixture is 
created in the lower passage 43. The rich air-fuel 
55 mixture is introduced into the second scavenge 
ports 1 7 via the second transfer passages 20 and 
flows into the cylinder 4 as is illustrated by the 
arrow r in Figure 14. 

Figures 1 5 through 1 7 illustrate a further 
60 embodiment of a two-stroke engine in which the 
first method Illustrated in Figures 5 and 6 is put to 
practical use. In this embodiment, an air-fuel 
mixture separator 44 is attached to the crankcase 
1 . The air-fuel mixture separator 44 comprises a 
65 cylindrical outer casing 41 and a hollow pipe 42 



coaxiatly arranged therein, and the end face 45 of 
the hollow pipe 42 is arranged so that it is spaced 
- from the end face 46 of the cylindrical outer 

casing 41. A lean air-fuel mixture passage 47 
70 extends through the hollow pipe 42 and is open 
to the interior of the crankcase 1 . An annular 
cross-sectional shaped vortex chamber 48 is 
formed between the hollow pipe 42 and the 
cylindrical outer casing 41, and the bottom 
75 interior of the vortex chamber 48 is connected to 
the second scavenge ports 1 7 via the second 
transfer passages 20. An air-fuel mixture inlet 49 
is open to the vortex chamber 48 and is 
tangentially connected to the circumferential 
80 inner wall of the cylindrical outer casing 41 . The 
air-fuel mixture inlet 49 is connected to the 
carburetor 14 via the reed valve 40. 

In this embodiment, when the upward 
movement of the piston 5 begins and the 
85 pressure in the crankcase 1 is reduced to below 
atmospheric pressure, the reed valve 40 opens 
and ambient air is fed into the crankcase 1 via the 
air-fuel mixture inlet 49, the vortex chamber 48, 
and the lean air-fuel mixture passage 47 together 
90 with fuel fed from the carburetor 1 4. At this time, 
the air and fuel fed from the air-fuel mixture inlet 
49 into the vortex chamber 48 swirl at a high 
speed along the cylindrical inner wall of the vortex 
chamber 48 and then flow into the lean air-fuel 
95 mixture passage 47. Consequently, a large 
amount of fuel collects on the cylindrical inner 
wall of the vortex chamber 48, and, thus, a small 
amount of fuel is fed into the lean air-fuel mixture 
passage 47. As a result, the air-fuel mixture fed 
1 00 into the crankcase 1 becomes extremely lean. 
When the piston 5 uncovers the first scavenge 
ports 1 6, the extremely lean air-fuel mixture 
under pressure in the crankcase 1 flows into the 
cylinder 4 from the first scavenge ports 1 6 as 
105 illustrated by the arrows s in Figures 1 5 and 1 7. 
Then, when the piston 5 uncovers the second 
scavenge ports 1 7, the lean air-fuel mixture under 
pressure in the crankcase 1 Is forced into the 
vortex chamber 48 via the lean air-fuel mixture 
1 1 0 passage 47. At this time, since a large amount of 
fuel is present in the vortex chamber 48 and has 
collected on the bottom of the vortex chamber 
48, a rich air-fuel mixture is created in the second 
transfer passages 20. This rich eir-fuel mixture 
1 1 5 flows into the cylinder 4 from the second 

scavenge ports 1 7 as is illustrated by the arrows r 
in Figures 15 and 17. 

Figures 1 8, 20, and 23 illustrate separate 
embodiments of a two-stroke engine in which the 
120 second method illustrated in Figures 7 and 8 is 
put to practical use. That Is, in these 
embodiments, when the piston 5 moves upward 
and uncovers the intake port 1 2, liquid fuel and an 
air-fuel mixture containing fine particles of fuel 
1 25 therein ere fed into the crankcase 1 . At this time, 
since a centrifugal force acts on the liquid fuel and 
the fine particles in the crankcase 1 due to the 
rotation of the balance weights 7, the liquid fuel 
and the fine particles adhere to the inner 
1 30 circumferential wall of the crankcase 1 and then 
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flow along the inner circumferential wall of the 
crankcase 1 in the direction of rotation of the. . . 
balance weights 7. Therefore, in these 
embodiments, fuel is separated from the air-fuel 
5 mixture in the crankcase 1 and collects on the 
inner circumferential wall of the crankcase 1 . 
Thus, an extremely lean air-fuel mixture is created 
in the central interior region of the crankcase 1 . 
The thus-created lean air-fuel mixture is fed Into 
1 0 the cylinder 4 from the first scavenge ports 1 6, 
and the fuel is fed into the cylinder 4 from the 
second scavenge ports 17 in the form of a rich 
air-fuel mixture. 

In the embodiment illustrated in Figures 18 
15 and 1 9, a fuel iniet 50 is formed on the bottom 
wall of the interior of the crankcase 1 and is 
connected to the second scavenge ports 1 7 via 
the second transfer passages 2 1 and 20. In 
addition, a lean air-fuel mixture inlet 51 is formed 
20 on the vertical side wall of the interior of the 

crankcase 1 above the bottom wall thereof. In this 
embodiment as was previously mentioned, an 
extremely lean air-fuel mixture is present in the 
central interior region of the crankcase 1 , and the 
25 lean air-fuel mixture Inlet 51 is open to the central 
interior region. Consequently, when the piston 5 
uncovers the first scavenge ports 1 6, the 
extremely lean air-fuel mixture is forced into the 
first transfer passages 1 9 and then flows into the 
30 cylinder 4 from the first scavenge ports 16 as is 
illustrated by the arrow s in Figure 1 8. On the 
other hand, the fuel which has collected on the 
inner circumferential wall of the crankcase 1 
flows along the inner circumferential wall 
35 thereof, as was mentioned above, and when the 
fuel reaches the fuel inlet 50, it enters the second 
transfer passage 2 1 via the fuel inlet 50. 
Consequently, a large amount of fuel fed from the 
carburetor 14 is fed into the second transfer 
40 passage 2 1 . When the piston 5 uncovers the 
second scavenge ports 17, the lean air-fuel 
mixture underpressure in the crankcase 1 is 
forced into the second transfer passage 21 , and a 
rich air-fuel mixture is created in the second 
45 transfer passage 21 . Then the rich air-fuel mixture 
is introduced into the second scavenge ports 1 7 
via the second transfer passage 20 and flows into 
the cylinder 4 from the second scavenge ports 1 7 
as is illustrated by the arrow r in Figure 1 8. 
50 In the embodiment illustrated in Figures 20 
through 22, a pair of recesses 52 and 53 are 
formed on the opposed inner side walls of the 
crankcase 1 between the cylinder block 2 and the 
balance weights 7. In addition, two vertical fuel- 
55 separating walls 54 and 55, which are formed 
integrally with the crankcase 1 and which are 
aligned with each other, are arranged in the 
recesses 52 and 53, respectively. Each of the 
recesses 52 and 53 is completely divided into two 
60 recess portions by the corresponding vertical fuel- 
separating walls 54 and 55, and the adjacent first 
transfer passages 1 9 and second transfer 
passages 20 are open to the corresponding 
recesses 52 and 53 on each side of the 
65 corresponding vertical fuel-separating walls 54 



and 55. That is, each of the first transfer passages 
1 9 is open to one of the recess portions of the 
corresponding recesses 52 and 53, and each of 
the second transfer passages 20 Is open to 52 
70 and 53. As is illustrated in Figures 21 and 22, the 
vertical fuel-separating walls 54 and 55 project 
inwardly from the corresponding recesses 52 and 
53 and extend to a point near the connecting rod 
8 Consequently, the lower edges of the 
7S projecting portions of the vertical fuel separating 
walls 54 and 55 are located near the top portions 
of the balance weights 7. In this embodiment, the 
balance weights 7 rotate in a clockwise direction 
as illustrated by the arrow R in Figure 20. The first 
80 transfer passages 19 are open to the interior of 
the crankcase 1 or the clockwise direction side of 
the vertical fuel-separating walls 54 and 55 in 
Figure 22, and the second transfer passages 20 
are open to the interior of the crankcase 1 on the 
85 counterclockwise direction side of the vertical fuel 
separating walls 54 and 55 in Figure 20. In this 
embodiment, the vertical fuel-separating walls 54 
and 55 are formed integrally with the crankcase 1 
as mentioned above. However, the vertical fuel- 
90 separating walls 54 and 55 may be formed 

integrally with the cylinder block 2. In addition, in 
this embodiment, the vertical fuel-separating 
walls 54 and 55 are so arranged that they extend 
in the axial direction of the crankshaft 6. However, 
95 the vertical fuel-separating walls 54 and 55 may 
be inclined with respect to the axis of the 
crankshaft 6. 

In this embodiment, as was mentioned above, 
fuel collects on the Inner circumferential wall of 
100 the crankcase 1 and is caused to flow thereon in 
the direction of rotation of the balance weights 
7. Consequently, the fuel reaches the vertical fuel- 
separating walls 54 and 55 sooner or later and is 
trapped by the vertical fuel-separating walls 54 
1 05 and 55. Then the thus-trapped fuel collects in the 
recess portions, to which the second transfer 
passages 20 are open. Since the fuel Is trapped 
by the vertical fuel-separating walls 54 and 55. 
no liquid fuel is introduced into the recess 
1 1 0'-portions, to which the first transfer passages 1 9 
are open. Consequently, when the piston 5 
uncovers the first scavenge ports 1 6, the 
extremely lean air-fuel mixture in the crankcase 1 
is introduced into the first scavenge ports 1 6 via 
1 1 5-the first transfer passages 1 9 and then flows into 
the cylinder 4 from the first scavenge ports 1 6 as 
illustrated by the arrow s in Figure 20. When the 
piston 5 uncovers the second scavenge ports 17, 
the lean air-fuel mixture in the crankcase 1 is 
1 20 introduced into the second transfer passages 20. 
At this time, since a large amount of fuel collects 
in the recess portions to which the second 
transfer passages 20 are open, a rich air- 
fuel mixture is formed in the second transfer 
1 25- passages 20. The rich air-fuel mixture flows into 
the cylinder 4 from the second scavenge ports 1 7 
as is illustrated by the arrow r in Figure 20. 

Figures 23 through 25 illustrate a modified 
embodiment of the engine illustrated in Figure 20. 
1 30 Hri this embodiment, an additional fuel-collecting 



passage 56 Is formed in the crankcase 1 for 
efficiently collecting fuel. The additional fuel- . 
collecting passage 56 comprises an arc-shaped 
passage portion 57 and a straight passage portion 
5 €8 extending downwardly from the center of the 
arc-shaped passage portion 57. A fuel inlet 59 , 
which is open to the Interior of the crankcase 1 , is 
formed at the lower end of the straight passage 
portion 58 and is tangentially connected to the 
in inner circumferential wall of the crankcase 1. The 
opposed ends of the arc-shaped passage portion 
57 are open to the corresponding recess portions, 
to which the second transfer passages 20 are 

1 5 ° Pf |n this embodiment, part of the fuel flowing on 
the inner circumferential wall of the crankcase 1 
enters the straight passage portion 58 from the 
fuel inlet 59 and then flows, via the arc-shaped 
passage portion 57, into the recess portions to 
20 which the second transfer passages 20 are open. 
The fuel which does not enter the straight 
passage portion 58 is trapped by the vertical fuel- 
separating walls 54 and 55. As was mentioned 
above, in this embodiment, sincd the fuel is 
25 trapped by both the fuel inlet 59 and the vertical 
fuel-separating walls 54 and 55, that is, since the 
fuel is trapped at two fuel-trapping stages, the 
fuel can definitely be trapped. 
Figures 26 through 28 illustrate an 
30 embodiment in which the first method illustrated 
in Figures 5 and 6 and the second method 
illustrated in Figures 7 and 8 are put to practical 
use at the same time. In this embodiment of a 
two-stroke engine, the fuel-separating system 
35 Illustrated In Figure 20 is combined with the fuel- 
separating system illustrated in Figure 14. 
Consequently, in this embodiment, three paired 
scavenge ports 1 6, 1 7, and 1 8 are formed on the 
inner wall of the cylinder 4. The first scavenge 
40 ports 1 6, the first transfer passages 1 9, the 
second scavenge ports 1 7, and the second 
transfer passages 20 have the same construction 
as the same elements illustrated in Figure 20, and 
the third scavenge ports 1 8 and the third transfer 
45 passages 2 1 have the same construction as the 
second scavenge ports 1 7 and the second 
transfer passages 20 illustrated In Figure 1 4, 
respectively. Consequently, in this embodiment, 
when the piston 5 moves upward, a large amount 
50 of fuel is introduced into the lower passage 43 , 
and a small amount of fuel is fed into the 
crankcase 1 via the upper passage 42. Then the 
fuel fed Into the crankcase 1 Is trapped by the 
vertical fuel-separating walls 54 and 55 and is 
55 introduced into the second transfer passages 20. 
Consequently, in this embodiment, a rich air-fuel 
mixture flows into the cylinder 4 from the third 
scavenge ports 1 8 as is illustrated by the arrow r 
in Figure 26, and a lean air-fuel mixture flows into 
60 the cylinder 4 from the second scavenge ports 17 
as is illustrated by the arrow s in Figure 26. In 
addition, an extremely lean air-fuel mixture which 
is considerably leaner than the lean air-fuel 
mixture fed from the second scavenge ports 1 7 
65 flows Into the cylinder 4 from the first scavenge 



ports 1 6 as is illustrated by the arrow s' in Figure 
26. In this embodiment, the lean air-fuel mixture 
r overlays the rich air-fuel mixture, and the 
extremely lean air-fuel mixture overlays the lean 
70 air-fuel mixture. Consequently, the rich air-fuel 
mixture is further prevented from flowing towards 
the exhaust port 1 5 and thus escaping unto the 
exhaust passage 11. 

Figures 29 through 64 illustrate various 
75 embodiments in which the third method 

Illustrated In Figures 9 and 10 is put to practical 
use. and Figures 29 through 44 illustrate 
embodiments in which an air-fuel mixture is fed 
into the transfer passages from the crankcase and 
80 then a richer air-fuel mixture and a leaner air-fuel 
mixture are created in the transfer passages by 
separating fuel from the air-fuel mixture. 

In the embodiment Illustrated in Figures 29 
through 33, only one pair of transfer passages 1 9 
85 is provided, and the lower ends of the transfer 
passages 1 9 are open to the upper interior of the 
crankcase 1 . Each of the transfer passages 1 9 has 
an arc shape in a vertical cross section thereof as 
illustrated in Figure 30 and comprises an outer 
90 wall 1 9a, an inner wall 1 9b, a first side wall 1 9c 
located near the exhaust port 1 5, and a second 
side wall 1 9d located opposite the exhaust port 
1 5. Each of the transfer passages 1 9 has a raised 
wall 60 which is formed on the corner at which 
95 the outer wall 1 9a and the first side wall 1 9c 
intersect each other. Each raised wall 60 has an 
approximately rectangular cross-sectional shape 
and extends from the corresponding scavenge 
" port 1 6 half way to the corresponding transfer 
1 00 passage 1 9. in addition, each raised wall 60 has a 
width h, IFigure 31 ) which is approximately one 
half of the distance between the first side wan 
1 9c and the second side wall 1 9d and a height h 2 
(Figure 31 ) which is approximately one half of the 
1 05 distance between the outer wall 1 9a and the 

inner wall 1 9b. Each raised wall 60 has a uniform 
width h. over approximately the entire length 
thereof, and the width h, of the lower portion of 
each raised wall 60 is gradually reduced 
110 downwardly. 

As was mentioned above, each of the transfer 
passages 1 9 has an arc shape in a vertical cross- 
section of the engine as is illustrated in Figure 30. 
Consequently, when the piston 5 uncovers the 
1 1 5 scavenge ports 1 6, liquid fuel and an air-fuel 
mixture containing fine particles of fuel therein 
are caused to flow, while turning, within the 
transfer passages 1 9. Therefore, a centrifugal 
force acts on the liquid fuel and the air-fuel 
120 mixture, causing the liquid fuel and the fine 

particles of fuel to collect on the outer walls 19a 
of the transfer passages 1 9. At this time, as was 
mentioned above, since the liquid fuel and the 
fine particles of fuel are separated from the air- 
1 25 fuel mixture, the air-fuel mixture becomes lean. 
The liquid fuel and the fine particles of fuel flow 
upward between the second side wall 19d and 
the raised wall 60 and reach the scavenge ports 
1 6. Since part of the liquid fuel is vaporized when 
1 30 the liquid fuel flows between the second side wall 



1 9d and the raised wall 60, a rich air-fuel mixture 
is created on the second side wall 1 9a located, 
opposite the exhaust port 1 5, and a lean air-fuel 
mixture is created on the first side wall 1 9c 
5 located near the exhaust port 1 5. Thus, the piston 
5 uncovers the scavenge ports 1 6, the nch air- 
fuel mixture flows, together with the liquid fuel 
and the fine particles of fuel, into the cylinder 4 
from a portion of the scavenge ports 1 6 located 
1 0 near the second side wall 1 9d as illustrated by the 
arrow r in Figure 29. In addition, at this time the 
lean air-fuel mixture flows into the cylinder 4 from 
a portion of the scavenge ports 1 6 located near 
the first side wall 1 9c as is Illustrated by the 
15 arrow s in Figure 29. 

Figures 34 through 38 illustrate a modified 
embodiment of the two-stroke engine illustrated 
in Figures 29 through 33. In this embodiment, 
thin-walled ribs 61 are formed on the outer wall 
20 1 9a of each of the transfer passages 1 9. Each no 
61 Is centrally arranged between the first side 
wall 1 9c and the second side wall 1 9d, and the 
lower end of each rib 61 gradually approaches the 
first side wall 1 9c and is joined with the first side 
oe wall 19c. In addition, each rib 61 has a height 
which is approximately one half of the distance 
between the outer wall 1 9a and the inner wall 
1 9b. In this embodiment, in the same manner as 
in the embodiment illustrated in Figures 29 
in through 33, when the piston 5 uncovers the 
scavenge ports 1 6, the liquid fuel and the fine 
particles of fuel collect on the outer wall 1 9a 
between the rib 61 and the second side wall 1 9d. 
Consequently, a rich air-fuel mixture flows into 
35 the cylinder 4 from a portion of the scavenge 
ports 1 6 located remote from the exhaust port 
1 5, as is illustrated by the arrow r in Figure 34 
and a lean air-fuel mixture flows into the cylinder 
4 from a portion of the scavenge ports 1 f jocated 
40 near the exhaust port 1 5 r as is illustrated by the 
arrow s in Figure 34. 

In the embodiment illustrated In Figures 39 
through 41 , the transfer passages 1 9 are Joined to 
each other, and the joined portion thereof is 
45 connected to a single transfer passage 62. me 
single transfer passage 62 is connected to the 
interior of the crankcase 1 . As can be seen from 
Figure 40, each of the transfer passages 1 9 has a 
sharp turning portion 63. That is, each of the 
50 transfer passages 1 9 comprises a vertically- 
extending passage portion 19A and a passage 
portion 1 9B connected to the passage portion 
1 9A at a right angle, and the sharp turning portion 
63 is formed at the connecting portion of the 
55 passage portions 19A and 19B. 

In this embodiment when the piston 5 
uncovers the scavenge ports 1 6, the air-fuel 
mixture in the crankcase 1 , together with the 
liquid fuel and the fine particles of fuel, is forced 
60 into the transfer passages 1 9 via the transfer 
passage 62. Then, when the air-fuel mixture 
passes through the sharp turning portions 63. the 
liquid fuel and the fine particles of fuel impinge 
upon the second side walls 1 9d of the transfer 
65 passages 1 9 located opposite the exhaust port 



1 5. As a result, the liquid fuel and the fine 
particles of fuel adhere to the second side walls 
1 9d and then flow upward along the second side 
walls 1 9d. Since part of the liquid fuel is 
70 vaporized when the liquid fuel flows along the 
70 second side walls 19d a rich air-fcel m,xture is 
created near the second side walls 1 3d. Also 
since the liquid fuel and the fine parties of fuel 
are separated from the air-fuel mbcture flowing 
75 within P the transfer passages 19, a i lean j. Muel 
mixture is created near the first side walls 1 9c of 
meWer passages 1 9 located near ^the. axhaust . 
port 1 5. Consequently, a nch air-fuel mixture 
flows, together with the liquid fuel and the fine 
80 pSes of fuel, into the cylinder 4 from a , portion 
of the scavenge ports 16 located gemote from the 
exhaust port 1 5, as is illustrated by the arrow r in 
Figure 3 9, and a lean air-fuel mixture flows Into 
the cylinder 4 from a portion of the scavenge 
85 ports 1 6 located near the exhaust port 1 5, as is 
illustrated by the arrow sin Figure 39. 

Figures 42 through 44 Illustrate a modified 
embodiment of the two-stroke engine illustrated 
in Figures 39 through 41 . In this embodiment, 
90 Three paired scavenge ports 1 6 17 and 1 and 
three paired transfer passages 1 9, 20 and 21 are 
provided, and the lower ends of the transfer 
passages 19, 20, and 21 are open to the sharp 
burning portions 63. In this ^ bod ^ fi "?; h a J a 3 
95 part of the liquid fuel and a large part of the fine 
particles of fuel is Introduced '"to *he Jh.™ 
transfer passages 2 1 , and a small part of the 
liquid fuel and a small part of the fine particles of 
fuel is introduced into the second transfer 
1 00 passages 20. Consequently, when the > pis on ! 5 
Sncovers the first scavenge ports 1 6, the second 
scavenge ports 1 7, and the third scavenge ports 
1 8, a rich air-fuel mixture flows into the cyhndei- 4 
from the third scavenge ports 1 8, as is ^f^ed 
105 by the arrows r in Figures 42 and 44, anc la tean 
air-fuel mixture flows into the cylinder 4 from the 
second scavenge ports 17^s is Illustrate I by the 
arrow s In Figures 42 and 44. In addition, at this 
time, an extremely lean air-fuel mixture flows Into 
1 1 0 the cylinder 4 from the first scavenge ports 16,as 
b illustrated by the arrow s' In Figures 42 and 44. 

Figures 45 through 56 Illustrate various 
embodiments in which a rich air-fuel. nMun^d 
a lean air-fuel mixture are created in the transfer 
1 1 5 passage by using a fuel injector instead « ■ 

carburetor. Consequently, in these embodiments, 
no carburetor is provided. 

Figures 45 through 47 illustrate a modified 
embodiment of the two-stroke engine ^strated 
1 20 in Figures 39 through 41 . In this embodiment a 
fuel injector 64 is arranged In the transfer passage 
62. When the piston 5 uncovers the scavenge 
ports 1 6. air under pressure In the crankcase lis 
forced into the transfer passage 62 anc hen fuel 
1 25 is injected into the air by the fuel injector 64 In 
this embodiment, in the same manner as in the 
embodiment illustrated in Figures 39 through 41 , 
the liquid fuel and the fine particles of fuel 
impinge upon the second side wa Is 9d and flow 
1 30 upward along the second side walls 1 9d. 



Consequently, a rich air-ful mixture flows into the 
cylinder 4 from a portion of the scavenge ports 16.. 
located remote from the exhaust port 15, as is 
illustrated by the arrows r in Figures 45 and 47, 
* S * lean air-fuel mixture flows intc Mto ejUndjr 
4 from a portion of the scavenge ports 16 located 
near the exhaust port 1 5, as is illustrated by the 
arrow s in Figures 45 and 47. 

Figures 48 through 50 Illustrate a modified 
i o embodiment of the two stroke-engine illustrated 
in Figures 42 through 44. In this embodiment, the 
fuel injector 64 is arranged In the transfer passage 
62 and fuel is injected into the transfer passage 
62by the fuel Injector 64. When the piston 5 
15 uncovers the scavenge ports 16, 17, and 18, a 
large amount of the liquid fuel and a large amount 
of the fine particles of fuel flows into the third 
transfer passages 2 1 , and a small amount of the 
liquid fuel and a small amount of the fine particles 
20 flows into the second transfer passages 20. 
Consequently, a rich air-fuel mixture flows into 
the cylinder 4 from the third scavenge ports 1 8 as 
is illustrated by the arrows r in Figs. 48 and 50 
and a lean air-fuel mixture flows into the cylinder 
25 4 from the second scavenge ports 1 7 as is 

illustrated by the arrow s in Figures 48 and 50. In 
addition, an extremely lean air-fuel mixture flows 
into the cylinder 4 from the first scavenge ports 
1 6 as is illustrated by the arrow s' in Figures 48 
30 and 50. 

Figures 51 through 53 illustrate a further 
modified embodiment of the two-stroke engine 
illustrated in Figures 42 through 44. In this 
embodiment the lower ends of the transfer 
35 passages 1 9, 20, and 21 are open to the interior 
of the crankcase 1 via openings 65 formed on the 
inner wall of the crankcase 1 beneath i the 
scavenge ports 1 6, 1 7, and 1 8. In add.t.ort fuel 
injectors 64 are arranged in the third transfer 
40 passages 21, and fuel Is Injected Into the third 
transfer passages 2 1 . Consequently, a nch air-fuel 
mixture is created in the third transfer passages 2 1 . 
Therefore, in this embodiment when the piston 
5 uncovers the scavenge ports 1 6 1 7 and 1 8 a 
45 rich air-fuel mixture flows into the cylinder 4 from 
the third scavenge ports 1 8 as is illustrated by the 
arrow r In Figure 51 , and airflows Into the 
cylinder 4 from the first scavenge ports 1 6 and 
the second scavenge ports 1 7 as is illustrated by 
50 the arrows s* and s, respectively. 

In the embodiment illustrated in Figures 54 
and 55, a fuel return-preventing device 66 is 
attached to the crankcase 1 . The construction of 
the fuel return-preventing device 66 is almost the 
55 same as that of the air-fuel mixture separator 44 
illustrated in Figures 1 5 and 1 6. Thus, a detailed 
explanation regarding the construction of the fuel 
return-preventing device 66 is omitted here. As is 
illustrated in Figures 54 end 55, the fuel return- 
60 preventing device 66 comprises a cylindrical 
outer casing 67, a hollow pipe 68. a passage 69 
formed in the hollow pipe 68, an annuler vortex 
chamber 70 formed between the hollow pipe 68 
and the cylindrical outer casing 67, and an air 



65 inlet 71 tangentially connected to the Inner 
■ circumferential wall of the cylindrical outer casing 
67. The air inlet 7 1 is connected to the interior of 
the crankcase 1 via an air passage 72. The 
passage 69 of the hollow pipe 68 is connected to 
70 the second transfer passages 20 via a passage 73 
and the fuel injector 64 is arranged in the passage 
73. In this embodiment when the piston 5 
uncovers the first scavenge ports 1 6, air ^nder 
pressure in the crankcase 1 is introduced into the 
7R first scavenge ports 1 6 via the first transfer 
passages 1 9 and then flows into the cylinder 4 
from the first scavenge ports 1 6 as is illustrated 
by the arrow s in Figure 54. Then, when the piston 
5 uncovers the second scavenge ports 1 7 air 
80 under pressure in the crankcase! is forced into 
the vortex chamber 70 and then enters the 
passage 73 via the passage 69 of the hollow pipe 
68 At this time, since fuel is injected by the fuel 
injector 64 into the air flowing within the passage 
qc 73 a rich air-fuel mixture is created in the 

passage 73. The rich air-fuel mixture is introduced 
to the second scavenge ports 1 7 via the second 
transfer passages 20 and then flows into the 
cylinder 4 from the second scavenge ports 17 as 
go is illustrated by the arrow r in Figure 54. 

In the two-stroke engine illustrated in Figure 54, 
the pressure in the crankcase 1 is alternately 
increased and decreased due to the reciprocal 
motion of the piston 5. Consequently, when the 
□5 pressure in the crankcase 1 is decreased, there is 
the danger that the air-fuel mixture remaining in 
the passage 73 and the second transfer passages 
20 will be sucked into the crankcase 1 . However, 
in the embodiment illustrated in Figures 54 and 
1 00 55, when the pressure in the crankcase 1 is 
decreased, and thus the air-fuel mixture in the 
passage 73 and the second transfer passages 20 
reversely flows towards the interior of the 
crankcase 1 , the liquid fuel contained in the air- 
1 05 fuel mixture impinges upon the inner wallof the 
outer casing 67 and adheres thereonto. Therefore, 
the amount of fuel which enters the crankcase 1 
is extremely small. As a result, since the amount 
of fuel contained in the air which flows out of the 
1 1 0 first scavenge ports 1 6 is extremely small, the 
amount of fuel which escapes into the exhaust 
passage 1 1 Is extremely small. 

In the embodiment illustrated in Figure 56, an 
air-fuel mixture separator 74 is attached to the 
, 1 5 cylinder block 2. The construction of the air-fuel 
mixture separator 74 is almost the same as that 
of the fuel return-preventing device 66 illustrated 
in Figures 54 and 55. Thus, the components of 
the air-fuel mixture separator 74 are indicated by 
! 20 the same reference numerals used in Figures 54 
and 55. In this embodiment the fuel injector 64 
is arranged in the vortex chamber 70. In addition, 
the bottom of the vortex chamber 70 is connected 
to the third transfer passages 2 1 , and the passage 
1 25 69 formed in the hollow pipe 68 is connected to 
the second transfer passages 20. In the 
embodiment, when the piston 5 uncovers the first 
scavenge ports 1 6, air under pressure in the 



crankcase 1 flows into the cylinder 4 from the first 
scavenge ports 1 6, as is illustrated by the. arrow s 
in Figure 56.Then, when the piston 5 ^covers 
the second scavenge ports 1 7 and the third 
B scavenge ports 1 8, air under pressure in the 
5 crankcase 7 is forced into the vortex chamber 70 
from the air inlet 7 1 via the air passage 72/ The 
air fed into the vortex chamber 70 swirls along 
the inner circumferential wall of tte yortex 
i D chamber 70, end fuel is injected into the swirling 
air by the fuel injector 64, Consequently a 
centrifugal force acts on the fuel due to the 
swirling motion of the air, and thus, the fuel 
adheres to the inner circumferential well of the 
1 5 vortex chamber 70. Then the fuel collects on the 
bottom of the vortex chamber 70 and is 
introduced into the third transfer passages 21 . At 
mis time, since a large f*««toto*W*M 
the fuel injector 64 collects on the bottom of the 
20 vortex chamber 70, the amount of fuel ntroduced 
into the second transfer passages 20 via the 
passage 69 of the hollow pipe 68 is small. 
Consequently, when the piston 5 uncovers the 
second scavenge ports 1 7 and the third scavenge 
2& Dorts 1 8, a rich air-fuel mixture flows into the 
cylinder 4 from the third scavenge ports 18 as is 
illustrated by the arrow r in Figure 56 a jean 
air-fuel mixture flows into the cylinder 4 from the 
second scavenge ports 1 7 as is Illustrated by the 
30- arrow s in Figure 56. 

In this embodiment, since the air-fuel m.xture 
separator 74 is attached to the cylinder block 2 
the air-fuel mixture separator 74 is heated by the 
heat of combustion. Consequently, there ie an 
35 advantage in that the vaporization of fuel injected 
by the fuel injector 64 Is promoted. 

Figures 57 through 64 illustrate embodiments 
in which fuel fed from the carburetor 14 is 
introduced into the interior of the crankcas 1 and 
40 then is separated from the air-fuel mixture i at the 
scavenge ports 16. In the embodiment illustrated 
in Figures 57 through 62, only one pair of 
scavenge ports 1 6 is formed on the inner wall of 
- ■ ?he cylinder 4 and connected to the interior of the 
45 crankcase 1 via the corresponding transfer 
Passages 1 9. Figure 59 illustrates the scavenge 
port 16 and the transfer passage 1 9 depicted in 
Figure 57, and Figure 60 illustrates a cross- 
sectional view of the cylinder block 2. In add. ion, 
SO Figure 6 1 illustrates only one scavenge port 1 b 
and Figure 62 illustrates cross-sectional views 
of the scavenge port 1 6. That is, in Figure 62, (A) 
Istrates a cross-sectional view of the scavenge 
port 1 6 taken along the line A-A In Figure 61 , (B) 
55 illustrates a cross-sectional view o the scavenge 
55 port : 1 6 taken along the line B-B in Figure 61 
and (C) illustrates a cross-sect.ona 1 view of the 
scavenge port 1 6 taken along the line i C— C in 
F^ure 61. As is illustrated in Figures 57, 69 . end 
60 61 in this embodiment, the scavenge port 16 
does not have a rectangular shape. That is, the 

port 1 6 and the lower edge 1 6b of the ( scavenge 
port 1 6 extend horizontally, and the lower half of 
65 the side edge 1 6c of the scavenge port 16and 



the side edge 1 6d of the scavenge port 1 6 extend 
vertically. However, the right end of the upper 
edge 1 6a and the top of the side edge 1 6c : are 
interconnected by a curved edge 1 6e. In addition, 
70 the first side wall 1 9c of the transf e r PM " 
is connected to the curved edge 16e and the side 
edge 1 6c via a curved wall 1 9e, and the second 
side wall 1 9d of the transfer passage 1 9 is 
connected to the side edge 1 6d via a curved wall 
75 1 9f. As will be understood from Figures 61 and 
62 the radius of curvature of the curved wall 1 9c 
decreases as the curved wall 1 9e approaches the 
upper edge 16a. 

In this embodiment, when the piston 5 si gntly 
80 uncovers the scavenge ports 16, the air-fuel 

mixture under pressure in the crankcase 1 begins 
to flow into the cylinder 4 from the scavenge 
ports 1 6 via the transfer passages 1 9. At this 
time, the air-fuel mixture passes through the flow 
85 path formed between the curved walls 1 9e and 
1 9f illustrated in Figure 62 (A) and then flows Into 
the cylinder 4. Consequently, at this time, a large 
part of the air-fuel mixture impinges upon the 
curved wall 19e and then flows, while curving, 
90 along the curved wall 1 9e. As a result, since a 
centrifugal force acts on the air-fuel mixture, the 
liquid fuel and the fine particles of fuel adhere to 
the curved wall 1 9e. Then the liquid fuel and the 
fine particles of fuel flow into the cylinder 4 In a 
95 tangent direction of the curved wall 9e and thus 
move forward towards the inner wall of the 
cylinder 4 located opposite the exhaust port 15, 
as is illustrated by the arrows r in Figures 57 and 
60 Consequently, a rich air-fuel mixture is formed 
1 00 near the inner wall of the cylinder 4. At this time, 
the air-fuel mixture flows Into the cylinder 4 
without curving very much due to the inertia force 
illustrated by the arrows s in Figures 57 and eu. 
When the piston 5 further uncovers the scavenge 
105 ports 16 as is illustrated in Figure 62(B) and 

Figure 62(C). the fuel adhering to the curved wall 
1 9e flows in a tangent direction of the curved wall 
1 9e towards the inner wall of the cylinder 4, and 
the flow direction of the air-fuel mixture Is 
i t o gradually changed so that the angle of the flow 
direction with respect to a line passing through 
both the scavenge ports 16 becomes small, bince 
the fuel is separated from the air-fuel mixture at 
the scavenge ports 1 6, the air-fuel mixture which 
1 1 5 flows into the cylinder 4 Is lean. Consequently, 
the air-fuel mixture in the cylinder 4 is stratified so 
that the lean air-fuel mixture overlays the rich air- 
fuel mixture. 

Figures 63 and 64 illustrate a modified 
120 embodiment of the two-stroke engine H lustrated 
in Figures 57 through 62. In this embodiment, 
three paired scavenge ports 16. 17, and 13 ere 
formed on the inner wall of the cylinder 4 and 
each of the scavenge ports 1 6, 1 7 and 1 8 has a 
1 25 shape which is the same as that of the ^avenge 
ports 16 illustrated in Figures 57 through .62 That 
is. each of the scavenge ports 16, 1 7 and 1 S I has 
a curved edge 1 6e and a curved wall 1 9c .near the 
exhaust port 1 5. Therefore, when the piston 5 
130 uncoversthe scavenge ports 16, 17,and 18, the 



fuel adhering to the curved walls 1 9e flows into 
the cylinder 4 in a tangent direction of the . 
scavenge ports 1 6, 1 7, and 1 8 towards the inner 
wall of the cylinder 4 as is illustrated by the 
5 arrows r in Figures 63 and 64. In addition, at this 
time, a lean air-fuel mixture flows into the cylinder 
4 without curving very much due to the inertia 
force illustrated by the arrows s in Figures 63 and 
64. Consequently, the air-fuel mixture in the 
10 cylinder 4 is stratified so that the lean air-fuel 
mixture overlays the rich air-fuel mixture. 

According to the present invention, since a 
richer air-fuel mixture is prevented from escaping 
into the exhaust passage by air or a leaner air-fuel 
1 5 mixture, the amount of fuel which escapes into 
the outside air is considerably reduced as 
compared with that in a conventional two-stroke 
engine, thereby making it possible to reduce fuel 
consumption and the amount of unburnt HC in 
20 the exhaust gas. In the experiments conducted by 
the Inventors, it was confirmed that according to 
the present invention fuel consumption is reduced 
by about 30 percent and the amount of unburnt 
HC in the exhaust gas is reduced by 50 percent as 
25 compared with a conventional two-stroke engine. 
In addition, it was confirmed that even if kerosene 
or alcohol Is used instead of gasoline, operation of 
the engine is stable. 

While the Invention has been described with 
30 reference to specific embodiments chosen for 
purposes of illustration, it should be apparent that 
numerous modifications could be made thereto 
by those skilled in the art without departing from 
the basic concept and scope of the invention. 

35 C,a 1 ln ^ two _ stroke j nterna |_ C ombustion engine 

comprising: , 
a cylinder block having a cylinder therein, 
a piston reciprocally movable in said cylinder, 
40 said cylinder having an Inner wall which has a 

scavenge port and an exhaust port formed therein 

and being alternately covered and uncovered by 

said piston; . 

a crankcase having therein an interior chamber, 
45 the pressure in said Interior chamber being 

alternately increased and decreased due to the 

reciprocal motion of said piston; 

an intake passage having an air inlet and being 

connected to the interior chamber of said 

50 crankcase; , 
a transfer passage interconnecting the interior 
chamber of said crankcase and said scavenge 
port, outside air being fed into said cylinder via an 
air passage defined by said intake passage, the 
55 interior chamber of said crankcase, and said 
transfer passage; , 

fuel supply means arranged in said air passage 
forpfeeding fuel into said air passage so as to 
create an air-fuel mixture therein; and 
60 fuel-separating means arranged in said air 
passage for separating fuel from said air-fuel 
mixture so as to create a richer air-fuel mixture 
and a leaner air-fuel mixture, said scavenge port 
having such a construction that said rich air-fuel 



65 mixture flows into said cylinder towards the inner 
- wall of said cylinder located opposite said 
scavenge port - 

2 A two-stroke internal-combustion engine 
according to claim 1 , wherein said air inlet is a 

70 single air inlet 

3 A two-stroke internal-combustion engine 

according to claim 1, wherein said fuel supply 
means and said fuel-separating means are 
arranged in said intake passage for separating the 

75 fuel from the air-fuel mixture In said intake 
passage so as to create a richer air-fuel mixture 
and a leaner air-fuel mixture, said transfer 
passage comprising a first transfer passage and a 
second transfer passage for separately 

80 introducing said richer air-fuel mixture and said 
leaner air-fuel mixture into said scavenge port, 
respectively. 

4 A two-stroke internal-combustion engine 
according to claim 3, wherein said scavenge port 

85 comprises a pair of first scavenge ports and a pair 
of second scavenge ports located opposite said 
exhaust port with respect to said first scavenge 
ports, said first transfer passage being connected 
to said first scavenge ports and said second 

90 transfer passage being connected to said second 
scavenge ports. 

5 A two-stroke internal-combustion engine 
according to claim 4, wherein said first scavenge 
ports have an upper edge which is located above 

g5 the upper edges of said second scavenge ports. 

6 A two-stroke internal-comb ustin engine 
according to claim 3, wherein said fuel supply 
means is a carburetor comprising a mam fuel 
nozzle arranged in said intake passage, said fue^- 

100 separating means comprising a main fuel trapper 
which is arranged in said intake passage 
downstream of said main nozzle and which is 
connected to said second transfer passage for 
feeding fuel trapped by said main fuel trapper into 

105 said second transfer passage. 

7 A two-stroke internal-combustion engine 
according to claim 6, wherein a check valve is 
arranged between said main fuel trapper and said 
second transfer passage for permitting only the 

1 1 0 flow of fuel from said main fuel trapper into said 
second transfer passage. 

8 A two-stroke internal-combustion engine 
according to claim 6, wherein said carburetor 
comprises a slow fuel port and an Idle port 

1 1 5 whichare open to said intake passage and said 
fuel-separating means comprises an auxiliary fuel 
trapper arranged in said intake passage 
downstream of said slow fuel port and said idle 
port and connected to said second transfer 

1 20 passage for feeding fuel trapped by said auxiliary 
fuel trapper into said second transfer passage. 

9. A two-stroke internal-combustion engine 
according to claim 6, wherein said second 
transfer passage is connected to one end thereof 

1 25 to said scavenge port and is connected at the 
other end thereof to the bottom of said interior 
chamber of said crankcase. 

1 0. A two-stroke internal-combustion engine 
according to claim 3, wherein said fuel-separating 



means comprises a check valve arranged in said 
intake passage and a separating wall arranged in 
said intake passage downstream of said check 
valve, said separating wall extending in an axial 
5 direction of said intake passage and dividing said 
intake passage into an upper passage portion and 
a lower passage portion connected to said second 
transfer passage, said upper passage portion 
being connected to the interior chamber of said 

10 cra "!| c "^ 0 . stroke in ternal-combustlon engine 
according to claim 1 0, wherein said check valve is 
a reed valve having an upper end fixed onto an 
upper wall of said intake passage. 
15 1 2 A two-stroke internal-combustion engine 
according to claim 3, wherein said fuel-separating 
means comprises a check valve arranged in said 
intake passage and a centrifugal-type air-fuel 
mixture separator arranged in said intake passage 
20 downstream of said check valve. 

13 a two-stroke internal-combustion engine 
according to claim 12, wherein said air-fuel 
mixture separator comprises a cylindrical vortex 
chamber, a lean air-fuel mixture passage i inter- 
25 connecting the interior chamber of said crankcase 
and the center of said vortex chamber a m xture 
inlet tangentially connected to a cylmdnca inner 
wall of said vortex chamber, and a fuel outlet 
formed on the cylindrical Inner wall of said vortex 
30 chamber and connected to said second transf er 
passage, said mixture inlet being connected to 
said intake passage. 

14 A two-stroke internal-combustion engine 
according to claim 1 3. wherein said air-fuel 
-> e mixture separator comprises a hollow pipe 
coaxially arranged in said cylindrical vortex 
chamber, said lean air-fuel mixture passage being 
formed in said hollow pipe and having an end 
which is open to said vortex chamber. 
ah 1 5 A two-stroke internal-combustion engine 
40 according^ claim 13, wherein said fuel outlet is 
formed on the bottom of said vortex chamber. 

1 6 A two-stroke internal combustion engine 
according to claim 1 , wherein said fuel supply 
45 means is arranged in said intake ^sssage and said 
fuel-separating means is arranged in the inter.o 
chamber of said crankcase for separting the fuel 
from the air-fuel mixture in said crankcase so as 
to create a richer air-fuel mixture and a leaner a.r- 
50 fuel mixture, said transfer passage comprising a 
first transfer passage and a second transfer 
passage for separately introducing the richer air- 
fuel mixture and the leaner air-fuel mixture into 
said scavenge port 
55 17 A two-stroke internal-combustion engine 
according to claim 1 6, wherein said scavenge 
port comprises a pair of first scavenge ports and a 
pair of second scavenge ports located opposite 
said exhaust port with respect to said first 
60 scavenge ports, said first transfer Passage being 
connected to said first scavenge ports and said 
second transfer passage being connected to said 
second scavenge ports. 

18 A two-stroke internal-combustion engine 
65 according to cilam 17, wherein said first scavenge 



ports have an upper edge which is located above 
the upper edges of said second scavenge ports. 

1 9 A two-stroke internal-combustion engine 
according to the claim 1 6, wherein said I fuej- 

70 separating means comprises a fuel .nlet formed 
70 on the bottom of the Interior chamber of said 
crankcase and connected to said second transfer 
passage and a lean air-fuel mixture Inlet 
connected to said first transfer passage and being 
7S open to the interior chamber of said crankcase 
above said fuel inlet 

20 A two-stroke internal-combustion engine 
according to claim 1 6, wherein said fuel- 
separating means comprises a separating wall 

80 arranged in the interior chamber of said 
80 crankcase near a cylindrical inner wall of said 
interior chamber, which cylindrical Inner wall 
circumferential^ extends about the crankshaft of 
the engine, for trapping fuel flowing on the 
85 cylindrical inner wall of said interior chamber, said 
second transfer passage being open to said 
interior chamber near said separating wall for 
introducing the fuel trapped by said separating 
wall into said second transfer passage, 
qo 2 1 . A two-stroke internal-combustion engine 
according to claim 20, wherein said separating 
wall extends substantially In parallel to the 
crankshaft of the engine. 

22 A two-stroke internal-combustion engine 
95 according to claim 2 1 , further comprising a 

balance weight fixed onto the crankshaft and a 
connecting rod interconnecting the era inksnaft 
and said piston, said separating wall being 
arranged near an upper end of said balance 
1 00 weight and extending to near said I connecting rod. 

23 A two-stroke internal-combustion engine 
according to claim 20. wherein a recess «sformed 
on a side wall of said interior chamber, which side 
wall extends perpendicular to the crankshaft said 

! 05 separating wall being arranged in said recess and 
dividing said recess into a first recess portion and 
a second recess portion which are open to said 
interior chamber on each side of said separating 
wall, said second transfer passage being open to 
1 1 o said second recess portion. , 

24 A two-stroke Internal-combustion engine 
according to claim 23, wherein aaid first transfer 
passage is open to said first recess P°* lon ; 

25 A two-stroke internal-combustion engine 
115 according to claim 23, wherein a fuel Net Is 

formed on the cylindrical inner wall of said mtenor 
chamber remote from said second recess portion, 
said fuel inlet being connected to said second 
recess portion via a fuel passage. 
1 20 26 A two-stroke internal-combustion engine 
according to claim 1 . wherein said fuel supply 
means is arranged in said Intake passage and said 
fuel-separating means is arranged in said transfer 
passage for separating the fuel from the _alr-fuel 
1 25 mixture so as to feed a richer air-fuel mixture into 
said cylinder from a portion of said scavenge port 
located remote from said exhaust port and a 
leaner air-fuel mixture into said cylinder from a 
portion of said scavenge port located near said 
130 exhaust port. 



27 A two-stroke internal-combustion engine 
according to claim 26, wherein said scavenge 
Dort comprises an upper edge, a lower edge, a 
first side edge located near said exhaust port, and 
c a second side edge located remote from said 
exhaust port and said transfer passage compnses 
an outer wall connected to said upper edge, an 
inner wall connected to said iower edge, a first 
side wall connected to said first side edge and 
i f> located near said exhaust port, and a second side 
wall connected to said second side edge and 
located remote from said exhaust port said fuel- 
separating means being arranged so as to collect 
the separated fuel on the second side wall of said 
15 transfer passage and create a richer air-fuel 

mixture on said second side wall, said richer air- ■ 
fuel mixture being fed Into said cylinder from a 
portion of said scavenge port located near the 
second side edge thereof. 
20 28. A two-stroke Internal-combustion engine 
according to daim 27, wherein said fuel- 
separating means comprises a raised wall formed 
on a comer at which said first side wall intersects 
said second outer wall and extending downwardly 
25 from said scavenge port 

29. A two-stroke Internal-combustion engine 
according to claim 28, wherein said raised wall 
has a rectangular cross section over 
approximately the entire length thereof. 
30 30. A two-stroke internal-combustion engine 
according to claim 27, wherein said raised wall 
has a width which is approximately one half of the 
distance between said first side wall and said 
second side wall, the width of the lower portion of 
35 said raised wall being gradually reduced 
downwardly. 

3 1 A two-stroke internal-combustion engine 
according to claim 27, wherein said raised wall 
has a height which Is approximately one half of 
40 the distance between said outer wall and said 
inner wall. 

32. A two-stroke Internal-combustion engine 
according to claim 27, wherein said fuel- 
separating means comprises a rib formed on said 

45 outer wall and extending downwardly from said 
scavenge port said rib being centrally arranged 
between said first side wall and said second side 
wall and having a lower portion which gradually 
approaches said first side wall. 

50 33. A two-stroke internal-combustion engine 
according to claim 32, wherein said rib has a 
height which is approximately one half of the 
distance between said outer wail and said inner 
wall. 

55 34. A two-stroke Internal-combustion engine 
according to claim 27, wherein said transfer 
passage comprises a sharply turning portion and a 
passage portion arranged between said sharply 
turning portion and the interior chamber of said 

60 crankcase and extending away from said second 
side wall, said fuel-separating means being 
formed by said sharply turning portion and said 
passage portion. 

35, A two-stroke internal-combustion engine 

65 according to claim 26, wherein said scavenge 



port comprises at least two scavenge ports, i.e., a 
first scavenge port and a second scavenge port, 
- said second scavenge port being located opposite 
said exhaust port with respect to said first 

70 scavenge port, and said transfer passage 
comprises a passage portion connected to the 
interior chamber of said crankcase, a first transfer 
passage arranged between said first scavenge 
port and said passage portion, and a second 

75 passage portion arranged between said second 
scavenge port and said passage portion, said fuel- 
separating means being arranged so as to collect 
the separated fuel in said second transfer passage 
and create a richer air-fuel mixture in said second 

80 transfer passage, said richer air-fuel mixture being 
fed into said cylinder from said second scavenge 
port. 

36. A two-stroke internal-combustion engine 
according to claim 35, wherein said passage 

85 portion has a sharply turning portion to which said 
first transfer passage and said second transfer 
passage are open, said passage portion extending 
away from said second transfer passage and said 
fuel-separating means being formed by said ■ 

90 sharply turning portion and said passage portion. 

37. A two-stroke internal-combustion engine 
according to claim' 1 , wherein said fuel supply 
means and said fuel -separating means are 
arranged in said transfer passage for separattag 

95 the fuel from the air-fuel mixture so as to feed the 
richer air-fuel mixture into said cylinder from a 
portion of said scavenge port located remote from 
said exhaust port and feed the leaner air-fuel 
mixture into said cylinder from a portion of said 
1 00 scavenge port located near said exhaust port. 

38. A two-stroke internal-combustion engine 
according to claim 37, wherein said fuel supply 
means is a fuel Injector. 

39. A two-stroke internal-combustion engine 
105 according to claim 37, wherein said scavenge 

port comprises an upper edge, a lower edge, a 
first side edge located near said exhaust port, and 
a second side edge located remote from said 
exhaust port and said transfer passage comprises 
1 10 an outer wall connected to said upper edge, an 
inner wall connected to said lower edge, a first 
side wall connected to said first side edge and 
located near said exhaust port, and a second side 
wall connected to said second side edge and 
1 1 5 located remote form said exhaust port, said fuel- 
separating means being arranged so as to collect 
the separated fuel on the second side wall of said 
transfer passage and create a richer air-fuel 
mixture on said second side wall, said richer alr- 
120 fuel mixture being fed into said cylinder from a 
portion of said scavenge port located near the 
second side edge thereof. 

40. A two-stroke internal-combustion engine 
according to claim 39, wherein said transfer 
1 25 passage comprises a sharply turning portion and a 
passage portion arranged between said sharply 
turning portion and the interior chamber of said 
crankcase and extending away from said second 
side wall, said fuel supply means being arranged 
1 30 in said passage portion and said fuel-separating 



15 



means being formed by said sharply turning 
portion and said passage portion. 

41. A two-stroke internal-combustion engine 
according to claim 37, wherein said scavenge 

5 port comprises at least two scavenge ports, i.e., a 
first scavenge port and a second scavenge port, 
said second scavenge port being located opposite 
said exhaust port with respect to said first 
scavenge port, and said transfer passage 

i o comprises a passage portion connected to the 
interior chamber of said crankcase, a first transfer 
passage arranged between said first scavenge 
port and said passage portion, and a second 
passage portion arranged between said second 

1 5 scavenge port and said passage portna ^ 
separating means being arranged so as to collect 
the separated fuel in said second transfer passage 
and create a richer air-fuel mixture in said second 
transfer passage, said richer air-fuel mixture being 

20 fed into said cylinder from said second scavenge 

P °42 A two-stroke internal-combustion engine 

according to claim 41 , wherein said Passage 

portion has a sharply turning portion to which said 

?K first transfer passage and said second transter 

25 passage are open, said passage portion extending 

away from said second transfer passage, said fuel 

supply means being arranged in said passage 

portion, and said fuel-separating means being 

30 formed by said sharply turning portion and saio 

passage portion. 

43 A two-stroke internal-combustion engine 

according to claim 37, wherein said scavenge 
port comprises at least two scavenge ports, i.e., a 

35 first scavenge port and a second scavenge port, 

35 setd second I scavenge port being located opposite 
said exhaust port with respect to said first 
scavenge port and said transfer passage 
comprises a first transfer passage interconnecting 

40 said first scavenge port and the interior chamber 
of said crankcase and a second transfer passage 
interconnecting said second scavenge port and 
said interior chamber, said fuel supply means 
being arranged in said second transfer passage. 

45 44 A two-stroke internal-combustion engine 
according to claim 43, wherein a fuel return- 
oreventlng device is arranged in said transter 
passage and said fuel supply means is arranged 
between said fuel return-preventing device and 

50 said second scavenge port 

45 A two-stroke internal-combustion engine 
according to claim 44, wherein said fuel return- 
preventing device comprises a cylindrical vortex 
chamber, an outlet passage connected to said 

55 second scavenge port via said second transfer 
passage and being open to the center of said 
vortex chamber, and an inlet connected at one 
and thereof to said interior chamber and 
tangentially connected at the other end thereof to 

60 a cylindrical inner wall of said vortex chamber. 

46 A two-stroke internal-combustion engine 
according to claim 45, wherein said fuel return- 
preventing device comprises a hollow pipe 
coaxially erranged in said cylindrical vortex 

65 chamber, said outlet passage being formed in said 
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hollow pipe and having an end which is open to 
said vortex chamber. anfl i„ 0 
47 A two-stroke internal-combustion engine 
according to claim 43, wherein said scavenge 
70 portlurthe-r comprises a third scavenge port which 
70 is located opposite said exhaust port with respect 
to said second scavenge port and said transter 
passage further comprises a third transfer 
passage branched from said second transfer 
75 passage and connected to said third scavenge 
port, said fuel supply means being arranged at the 
branching portion of said third transfer passage^ 
48 A iwo-stroke internal-combustion engine 
according to claim 47, wherein an air-fuel fixture 
80 separator Is arranged in said seocnd transfer 
passage at said branching portion and comprises 
a cylindrical vortex chamber, an outlet passage 
connected to said second scavenge port via said 
second transfer passage and being open to the 
85 center of said vortex chamber, an outiet port 
connected to said third scavenge port via said 
third transfer passage and being 
vortex chamber, and an inlet connected on one 
end thereof to said interior chamber and 
90 tangentially connected at the other end thereof to 
a cylindrical inner wall of said vortex chamber, 
said fuel supply means being arranged in said 
vortex chamber. . 

49 A two-stroke internal-combustion engine 
95 according to cliam 48, wherein said outlet port Is 
95 open to the bottom of said vortex chamber 

50 A two-stroke internal-combustion engine 
according to claim 48, wherein said air-fuel 
mixture separator comprises a hollow pipe 

10 0 coaxially arranged in said cylindrical vortex 

chamber, said outlet passage being formed in said 
hollow pipe and having an end which is open to 
said vortex chamber. . 

51 A two-stroke internal-combustion engine 
1 05 according to claim 48, wherein said air-fuel 

mixture separator is attached to said cylinder 

bt °52 A two-stroke internal-combustion engine 
according to claim 1 , wherein said scavenge port 
1 1 0 comprises an upper edge a lower edge a first 
side edge located near said exhaust port, and a 
second side edge located remote from said 
exhaust port and said transfer passage comprises 
anouter wall connected to said upper edge an 
1 1 5 inner wall connected to said lower edge, a first 
side wall connected to said first side edge and 
located to said exhaust port, and a second side 
wall connected to said second side edge and 
located remote from said exhaust port, said fuel- 
1 20 separating means comprising a curved edge 
formed on a corner at which said first side edge 
intersects said upper edge. 

53 A two-stroke internal-combustion engine 
according to claim 52, wherein said I curved edge 
1 25 extends over approximately one half o sa£ upper 
edge and over approximately one half of said first 

'^^.Mwo-stroke internal-combustion engine 
according to claim 52, wherein the first s de wall 
1 30 o?said transfer passage has a curved wall portion 



located near said first side edge and curving away 
from said exhaust port .- - 

55 A two-stroke internal-combustion engine 
according to claim 54, wherein the second side 
wall of said transfer passage has a curved wall 
portion located_near said second side edge and 



curving away from said exhaust port 

56. A two-stroke internal-combustion engine 
" according to claim 52, wherein said scavenge 
1 o port comprises a plurality of scavenge ports each 
having said curved edge. 
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